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INTRODUCTION Reflection high energy electron diffraction (RHEED)
is widely used as an easy method for in situ evaluation of a crystal surface structure. For example, the periodicity and direction of the surface structure to the bulk structure can be determined by the symmetry of the diffraction spots, and information on crystal growth can be obtained from the intensity oscillation of the difiraction spot. We tried to uncover new surface structure information by analyzing RHEED patterns in closer detail. In this work, the RHEED pattern features (additional streak, Kikuchi line, and diffraction spot profile), that have not been closely examined previously, are used to quantatively evaluate the step structure of a vicinal Si(l11) surface, on which step bunching wa.s reported using low energy electron diffraction (LEED)t) rod scanning tunneling microscope (Sttrl;zl. In addition to RHEED, SEM and TEM are also used to estimate multilayer step height. The propriety of RIIEED analysis is discussed comparing these results. Besides Fig. 4 . This figure shows (111) terrace width to be about 600 A. In the SEM images of the 1o-10" misoriented surfaces, lin- ear contrasts running almost parallel to [lI0] were observed. These contrasts are ascribed to an increased secondary electron yield when the electron beam is incident on the step edge. The distance between the adjacent contrasts is regarded as one period of the step structure.
Multilayer step height as estimated by the above four methods is shown in Fig. S . The results obtained using RHEED agree fairly well with those obtained using SEM and TEM. The step heights obtained using the half width of the RIIEED spot tend to be smaller than those obtained using SEM and TEM. In the SEM images the terrace width was scattered. This distribution of the terrace widths makes the spot width wider, so terrace width (step height) is apt to be estimated smaller.
FiS. 5 indicates that the larger the misorientation, the higher the step height, and the tendency towards increase is almost linear between Lo and go.
These results are inconsistent with the result using STM by Swartzentruber ever, a carbon signal was not detected in our AES spectrum, and it seems that in our SEM images there is no sign of step pinning. Thus, the effect of carbon contamination on the step structure can be ruled out.
The third difierence is the sample heating method, which was not addressed in Swaztzentruber's paper. In many cases, the sample is resistively heated, and on a Si(111) surface the direction of the electric current is known to influence distribution of the steps.a) 5. EFFECT of COOLING RATE There are two main effects caused by the cooling rate after sample annealing. One is multilayer step height. The other is the perfection of the (331) facet.
Because kinetics of facetting is an important factor, the size of the step bunch is expected to be dependent on the cooling rate. The cooling rate dependence of multilayer step heights on vicinal Si(111) surfaces misoriented 6o is shown in Fig. 6 for a cooling rate of between 830"C and 700"C. In this figure, the slower the sample is cooled, the higher the step height.
When the misorientation angle is larger than 6o, superstructure spots from the (331) facet were usually observed. Superstrucutre spot intensity is dependent on the perfection of the (331) facet. The RHEED patterns of vicinal Si(111) surfaces misoriented L0" are shown in Fig. 7(a) and (b) . The samples in Fig. 7 slow cooling improves the perfection of the (331) facet.
SUMMARY
Analyzing the RHEED patterns in closer detail confirms that step bunching occurs on a vicinal Si(l11) surface, and this surface consists of (111) and (331) facets. Multilayer step height was estimated using not only RHEED, but also SEM and TEM. The multilayer step heights were gathered as a functon of the misorientation angle. It was shown that the multilayer step height is highly dependent on misorientation angle. Multilayer step height is also shown to be dependent on cooling rate, and the cooling rate is an important factor in the perfection of the step bunch structure.
